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bstract
The present study aimed to screen for antibacterial activities in soft corals of the eastern Red Sea coast. Specimens of different
pecies were surveyed, collected, preserved, extracted and assayed according to standard protocols. Bioactive materials were
xtracted using a dichloromethane/methanol mixture, and the activity was determined using the well diffusion and microdilution
ssay methods. All extracts demonstrated variable activity against marine bacteria previously isolated from the sea water (in situ near
he soft corals). Among soft corals, Sarcophyton  spp. and Sinularia  polydactyla  showed the highest activity (MIC = 30–50 g/ml),
hile the crude extract of Xenia  spp. showed the lowest activity (MIC = 200–250 g/ml) against the isolated marine bacterial strains.
Antibacterial activity was observed for five out of the seven soft coral extracts (72%) against two Gram-positive (Staphylococcus
ureus  and Bacillus  spp.) bacterial pathogens, while none of the extracts inhibited Gram-negative (Escherichia  coli) bacteria. The
ost potent (MIC = 40–75 g/ml) crude extracts were obtained from S.  polydactyla  and Sarcophyton  spp., while the crude extract of
enia  spp. was the least effective (MIC ≥  200 g/ml) against the tested Gram-positive bacteria. The results from the current study
uggest that soft corals of the Red Sea (Yunbu, SA) are a potential source of novel antibiotics.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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.  Introduction
The growing needs for drugs to control new ill-
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C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).strains of microorganisms encouraged the search for new
sources of marine bioactive natural products. The marine
environments are among the richest and most complex
ecosystems in terms of biological and chemical diver-
sity [1]. In 2012, approximately 1241 new biochemical
compounds were reported, which undoubtedly identi-
fies the marine environment as a rich source of bioactive
molecules [2,3].
Bioactive natural products have been isolated from
marine macro- or micro-organisms. All of the progres-behalf of Taibah University. This is an open access article under the
sive improvements in the past 50 years of exploration
of the marine environment have resulted in the isola-
tion of approximately 24,662 structurally unique new
bioactive compounds from marine organisms [4]. Marine
niversi
habitats and a complex offshore barrier reef system. The888 R. Aﬁﬁ et al. / Journal of Taibah U
invertebrates are the major producers of marine nat-
ural products [5]. Sponges (phylum Porifera) have
long been recognized as the most interesting group
of marine invertebrates for the discovery of new
drugs.
The biotechnological potential of other groups of
marine invertebrates such as cnidarians (jellyfishes, sea
anemones and corals) has attracted the attention of
researchers because of their ability to produce power-
ful toxins and venoms [6]. Over 3000 marine natural
product compounds have been described from cnidarians
alone, mostly in the last decade. Soft corals (Octoco-
rallia, Alcyonacea) are known to contain a rich variety
of marine secondary metabolites and are considered an
extremely diverse group of marine organisms. The bio-
logically active substances from corals have not only
great significance in chemical ecology but also express
various biological activities such as antitumor, antibac-
terial, antiviral and antifungal [7].
The unique characteristics of the Red Sea make it
one of the most promising areas as a source of medicinal
and nutritional natural products. Recently, biomedical
leads from Red Sea marine invertebrates were reviewed
[8]. The taxonomy of Red Sea soft corals was dis-
cussed by [9–11], and many other studies in the last
decade discussed the biological activities of Red Sea soft
Fig. 1. Location of study: Red Sea, aty for Science 10 (2016) 887–895
corals [12–15]. Most of these studies focused on testing
crude extracts and their subsequent purified compounds
against human pathogens. More recently, marine bacte-
ria associated with the soft coral Sarcophyton  glaucum
from Hurghada, Egypt were tested for their antimicrobial
activities [16]. To the best of our knowledge, few stud-
ies have tested the antibacterial activity against bacteria
isolated from the waters surrounding the corals, except
for [17], which also tested it against clinical bacterial
pathogens. Therefore, the aim of the present study was
to screen and test the antibacterial activities of soft corals
of the eastern Red Sea against a range of marine and
clinical pathogenic bacteria.
2.  Materials  and  methods
2.1.  Study  area
The Yanbu region, extending from Sharm al Khawr
near Ras Jarbu in the north to Masturah in the south,
covers a linear distance of approximately 160 km.
The region contains extensive shallow coastal marinecoastline consists of alluvial sand flats and low-lying
hills that extend inland for more than 10 km, with salt
marshes found in several locations in the intertidal
long the coast side of Yanbu.
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Fig. 2. Aerial view of Yanbu corals reef showing studied locations.
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rone. Yanbu’s industrial city (Figs. 1 and 2) covers
pproximately 15 km of the coastline, occupying an area
f 158 km2. The city contains the largest oil shipping
omplex in the Red Sea, as well as more than 20
ydrocarbon, petrochemical and mineral facilities.
.2.  Collection  and  identiﬁcation  of  soft  corals
Five species of marine soft corals (Fig. 3A–E)
ere collected from Yanbu (Red Sea) by self-contained
nderwater breathing apparatus (SCUBA) diving as well
s snorkelling from different sites during the autumn of
012. Two colonies from each species were sampled,
ne for the purpose of extraction and bioactivity testing
nd the other for identification. Every sample was
hotographed in situ. The coral morphology and the
urrounding environment and habitat of the collected
oft corals were recorded on an underwater slate. The
amples were collected by means of a scalpel or a pair
f scissors. In some cases, pieces of rocks to which the
nimal was attached were removed and placed in zip
ock plastic bags. The collected soft coral specimens for
ystematic study were fixed in 4% formalin in sea water
or 24 h and then rinsed in fresh water and kept in 70%
thanol as a final preservative. Upon arriving in the labo-
atory, sodium hypochlorite (household bleach) was used
o dissolve the soft coral tissue, and the remaining scle-
ites were carefully rinsed with double-distilled water.The collected soft coral species were kindly identified
by Dr. Tarek A. Temraz, Marine Science Department,
Suez Canal University, Ismailia, Egypt. For every sam-
ple, a method adopted from [18–20] was applied, where
small squares of approximately 1 cm were cut from the
colony with a scalpel and then mounted on a glass slide
with 2 drops of bleach. Once the bubbles have ceased,
the sclerites were spread out by stirring, and the spec-
imen was examined under a microscope equipped with
a camera and a stage micrometre. When the sclerites
were very dark and difficult to distinguish from the tis-
sue remains, clearing was carried out using a mixture of
phenol-xylene.
2.3.  Preparation  of  soft  coral  crude  extracts
The samples were frozen immediately after collection
and maintained at −20 ◦C prior to the extraction. The
frozen samples of soft corals were left to defrost, broken
down into small pieces and extracted at room tempera-
ture. The macerated tissues were soaked in a mixture of
methanol/methylene chloride (1:1) three times until no
color was obtained to ensure complete extraction. The
combined extracts were filtered through Whatman no.1
filter paper and dried at 40 ◦C using a rotary evaporator
(Rotavapor R-200, BUCHI). The residues were put into
vials and stored at −20 ◦C for further analysis.
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dactylaFig. 3. Shows the collected soft corals in its habitat. A: Sinularia poly
leptoclados.
2.4.  Bacterial  isolation  and  characterization
Two Gram-negative clinical bacterial isolates (Pseu-
domonas aeruginosa  and Escherichia  coli) obtained
from Prince Mohammad Bin Abdulaziz Hospital
in Medina and two Gram-positive bacterial isolates
(Staphylococcus  aureus  and Bacillus  sp.) obtained
from the Microbial Biotechnology Laboratory, Biology
Department, Taibah University were used in this study.. B: Litophyton spp., C: Sarcophyton spp. D: Xenia spp., E: Sinularia
They were stored on nutrient agar plates and were prop-
agated in nutrient broth (OXOID) medium. Batches of
medium (10 ml) were inoculated with colonies from
nutrient agar (OXOID) plates containing freshly grown
S. aureus, Bacillus  sp., P.  aeruginosa  and E.  coli  cells
and incubated overnight at 37 ◦C.The used marine bacteria were isolated from the
waters surrounding the corals. Following the technique
of [17], standard serial dilution and plating techniques
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Table 1
Antimicrobial activities of extracts of Yanbu soft corals against isolated bacteria from the environment of the corals at a concentration of 400 g/well.
Extract no. Soft corals Inhibition zone (mm diameter)
Bacillus spp.
(Code 2–5)
Bacillus spp.
(Code 2–6)
Bacillus spp.
(Code 2–8)
Staph spp.
(Code 1–4)
1 Sinularia
leptoclados
+ + − −
2 Sinularia
polydactyla
++ ++ ++ ++
3 Litophyton spp. + + ++ ++
4 Sarcophyton spp.
(whole)
+ ++ − −
5 Sarcophyton spp.
(stalk)
++ + +++ ++
6 Sarcophyton spp.
(cap)
++ ++ +++ ++
7 Xenia sp. + + ++ +
−, no activity; +, weak activity 5–8 mm; ++, moderate activity 9–15 mm; +++, good activity 16–25 mm.
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earcophyton spp. (whole, stalk and cap) indicate the extract is obtaine
as used on Marine agar (18 g Difco Marine Broth (MB),
 g NaCl and 18 g Difco Agar per 1 L of deionized water),
nd incubated at 25 ◦C. The colony characteristics were
ecorded, and the bacterial isolates were morphologi-
ally characterized using Gram staining. Identification to
eneric level was achieved by the recommended schemes
n Bergey’s  Manual  of  Systematic  Bacteriology  [21], and
he metabolic fingerprints were determined using the API
0-STREP system (Biomerieux, Paris, France).
.5.  Antibacterial  activity  testing
.5.1.  Well  diffusion  method
The well diffusion method was conducted according
o [22] using Marine Agar plates. For the antibacterial
ctivity, 20 ml of sterile nutrient agar was poured into
etri dishes, allowed to set at 37 ◦C and then inoculated
niformly with 0.1 ml of a 24 h broth culture of test bacte-
ia. Once the inoculated agar plates (9-cm diameter) and
he medium had solidified, wells (4-mm diameter) were
ut out of the agar, and 20 l (containing 400 g and
00 g of the stock and single dilution, respectively) of
he antibacterial extract dissolved in dimethyl sulphox-
de (DMSO) plus a control well of DMSO were placed
nto each well. The assay plates were incubated at 37 ◦C
or 24 h, and the endpoint was determined by visualizing
he clear zone of inhibition of growth around the wells..5.2. Microtiter  diffusion  method
To determine the potential effect of the antibacterial
xtract, a micro dilution assay [23,24] was performedthe whole, middle and upper part of the organism.
in 96-well microtiter plates. In brief, the extracts were
diluted in dimethyl sulphoxide (DMSO) to various
concentrations (by the dry weight of the extract) and
incubated with a suspension of an actively growing cells
in appropriate fresh medium diluted to a starting concen-
tration of 3 ×  105 cells per well. For the assays, DMSO
only was used as a negative control. Four replicates
were used for every data point. The antibacterial activ-
ity was determined at the point when the optical density
of the growth control (bacteria plus media) reached an
absorbance at 630 nm of approximately 0.30, and the
extracts were regarded as inactive if the optical density
(OD) of the bacterial cultures was more than 90% of that
of the control cultures after 24 h.
3.  Results
3.1.  Antibacterial  activity  testing  against  marine
bacteria
Five species of dominant Red Sea soft corals were
tested for their antibacterial activities, including Sin-
ularia leptoclados, Sinularia  polydactyla, Litophyton
spp., Sarcophyton  spp. and Xenia  spp. A total of seven
extracts were assayed against four strains of bacteria
(Gram-positive) isolated from the water surrounding the
corals. The crude extracts from the five soft coral species
showed variable activity against marine bacteria.
The obtained crude extracts inhibited the bacterial
growth for at least two bacterial isolates with activities
ranging from moderate to high (Table 1). Three out of
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Table 2
Antimicrobial activities by well diffusion assay against human pathogenic bacteria at two concentrations (Conc1: 400 g/well, Conc2: 200 g/well).
Extract no. Soft corals Bacillus spp. (inhibition zone) Staph. aureus (inhibition zone) Ecolab (inhibition zone)
Con1 Con2 Con1 Con2 Con1 Con2
1 Sinularia leptoclados − − + − − −
2 Sinularia polydactyla ++ ++ ++ ++ − −
3 Litophyton spp. + + ++ − − −
4 Sarcophyton spp.
(whole)
− − − − − −
5 Sarcophyton spp.
(stalk)
++ ++ ++ ++ − −
6 Sarcophyton spp.
(cap)
++ + ++ ++ − −
7 Xenia spp. ++ + ++ + − −
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the seven (43%) soft coral extracts showed mild activity
against at least three bacterial isolates of the four exam-
ined strains. Of the active soft coral species examined,
Sarcophyton  spp. (cap) was the most effective inhibitor
of all tested marine bacteria.
3.2.  Antibacterial  activity  testing  against  human
pathogenic  bacteria
The antibacterial activities of the seven extracts of
soft corals against three clinical isolates of pathogenic
bacteria are shown in Table 2. The bacterial strains exhib-
ited variable sensitivity to the different soft coral extract
concentrations.
The results showed antibacterial effects for five out
of the seven soft coral extracts (72%) against two
Gram-positive (Bacillus  spp. and S.  aureus) bacterialracts of the soft coral species against bacteria isolated from the natural
pathogens, while none of the extracts inhibited the Gram-
negative (E.  coli) bacteria. Of the active soft coral species
examined, Sarcophyton  spp. and S.  polydactyla  exhibited
the highest antibacterial activity, while the extract of S.
leptoclados was the least effective inhibitor.
3.3.  MIC  values  for  antibacterial  activity  against
marine bacteria
Antibacterial bioassays using the micro dilu-
tion method indicated that the S.  polydactyla  and
Sarcophyton  spp. extracts were the most active
(MIC = 30–50 g/ml), while those obtained from Xenia
spp. were the least active (MIC = 200–250 g/ml), as
presented in Fig. 4. The micro dilution assay results
corresponded with the data obtained from the agar dif-
fusion assays.
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.4.  MIC  values  for  antibacterial  activity  against
uman pathogenic  bacteria
Of the studied extracts, again the two species S.
olydactyla and Sarcophyton  spp. showed good activ-
ty against all isolates of clinical bacteria (Bacillus  spp.
nd S.  aureus), with minimum inhibition concentrations
MIC) in the range of 40–75 g/ml (Fig. 5). Of the active
oft coral species examined, Xenia  spp. exhibited the
owest antibacterial activity (MIC ≥  200 g/ml).
.  Discussion
As a consequence of the large proportion of bioactive
etabolites with different biological activities provided
y marine organisms, coral reef ecosystems have become
ources of great interest to natural product discovery
25]. The current study was intended to screen the
rganic extracts of five soft coral species collected from
he coral reef ecosystems at Yanbu, Saudi Arabia on the
ed Sea coast and test their potential to inhibit the growth
f clinical and natural marine bacteria.
Our results indicate that all of the tested soft coral
xtracts possessed antibacterial activity against marine
acteria isolated from the seawater surrounding the
orals. These results agree with the results of [17],
ho observed that the majority (83%) of crude extracts
rom six soft corals from Aqaba, Red Sea were active
gainst marine bacteria. This observation also sup-
orts the results of [16], who observed that among the
solated strains, 80% showed activity against at least one
ndicator microbe.
It was noted that the extract of the soft coral S.
olydactyla  has effective inhibitory activity comparedft coral extracts against human pathogenic bacteria Staphyllococcus
to other soft corals, inhibiting all Gram-positive bacte-
rial isolates. Similar results were obtained by [26], who
found that the genus Sinularia  produced antibacterial
compounds that were stronger than similar compounds
obtained from other genera of soft corals. The same study
reported that more than 60% of the studied soft coral
species of Sinularia  contained terpenoid compounds.
Furthermore, antagonistic activity was reported for bac-
terial symbionts of the soft coral S.  polydactyla  against
Streptococcus  equi  and tuberculosis (TB) bacteria [27].
The present study also showed that the crude extracts
of Sarcophyton  sp. (cap) and Sarcophyton  sp. (stalk) had
a considerable effect in the inhibition of tested marine
and human pathogenic bacteria. Sarcophyton is well
known as a producer of sarcophine derivatives [28–30].
Sarcophine was isolated from S.  glaucum  collected from
the Red Sea, with yields up to 3% of the animal dry
weight [31]. The negative or weak activity detected in
the whole specimens of the genus Sarcophyton may be
linked to extracts gained from two different Sarcophy-
ton species. The high activity allocated to the capitulum
and stalk portions of Sarcophyton can be explained as
these portions being the most valuable and having the
greatest probability of being attacked or eaten following
the optimal defence theory [32,33]. Various activities
were displayed by the diterpene sarcophytolide isolated
from the soft coral S.  glaucum  collected from Hurghada,
Red Sea, Egypt [29]. Two hundred and five terpenes
had been previously isolated from the genus Sarco-
phyton (16 species), demonstrating various biological
features, such as antiviral, antifouling, antifeedant, and
anti-inflammatory activities [34].
Appreciable and variable antibacterial activities
were previously detected against different potentially
niversi
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[
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[
[
[
[
[
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pathogenic fish and human bacteria for crude extracts
of ten collected Red Sea soft corals from Egypt [35].
Terpenoids were the dominant bioactive molecules in
various Red Sea soft corals including S.  glaucum, Sar-
cophyton trocheliophorum, S.  polydactyla, Sooglossus
gardineri, Litophyton  arboreum, Lobophyton  spp., Xenia
spp. and Cladiella  pachyclados  [36–39].
In conclusion, soft corals of Red Sea have two val-
ues, an ecological value that helps the organism live and
survive in its natural habitat and a medicinal value of
the antibacterial substances produced by the soft corals.
Therefore, the current study could provide evidence that
soft corals of the Red Sea (Yunbu, SA) are of interest as
a source of new bioactive molecules.
The current study recommends the proper molecular
identification of the genus Sarcophyton as well as its
associated marine bacteria at the species level in addition
to the isolation and structural determination of its active
secondary metabolites.
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